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RATIONAL INTEGRATION OF PHOSPHO-PROTEOMIC DATA FROM LIQUID BIOPSIES
AND GENOMIC PROFILING OF LUNG CANCER SPECIMENS TO IMPROVE DIAGNOSTIC,
PROGNOSTIC AND MONITORING PROCEDURES.
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One of the main hurdles in the treatment of non-small cell lung cancer (NSCLC) has been
attributed to its underlying molecular heterogeneity. The ACC lung panel is a set of curated
genes and fusion transcripts for targeted next-generation sequencing (NGS) of tumor
specimens and such a panel will undergo prospective validation in a large cohort (n=1,000)
of advanced NSCLC patients. This panel will allow patient stratification at a genomic level,
and its enhancement by supplemental molecular information could dramatically improve
patient profiling. Comprehensive genomic and phospho-proteomic analyses performed by the
TCGA have highlighted, in a significant fraction of patients, an activation of MAPK or PI3K
pathway that is not paralleled by mutations in the related genes. Therefore, genomic profiling of
tumor specimens may not suffice to define effective personalized therapeutic strategies and
integration with additional molecular information is advocated.

Recently, we have demonstrated that proteomic analysis of serum-derived exosomes via
Reverse-Phase Protein Arrays (RPPA) allows efficient molecular discrimination of healthy
donors and prostate cancer patients. Moreover, our preliminary data suggest that this is true
also for NSCLC blood exosomes, whose analysis can also distinguish patients with adeno- and
squamous- carcinomas.

Here we propose to perform RPPA analysis on exosomes isolated from the plasma of the NSCLC
patients undergoing NGS profiling. In particular, we aim at studying the activation status of
diverse pathways covered by the ACC lung panel as well as others that are related to cancer
cell survival, growth, proliferation, chemo- and radio-resistance, metabolism and stemness.
Comparison and integration of RPPA data with the mutation set obtained via the ACC lung panel
may allow i) improved accuracy in the molecular definition of NSCLC patients and ii) potential
development of diagnostic, prognostic and monitoring procedures based on the analysis of
plasma-derived exosomes before, during and after treatment with cytotoxic or targeted drugs.
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BACKGROUND:

No molecular markers are so far available to predict efficacy of treatment and to monitor
outcome in patients with EGFR-ALK-ROS1 wild-type advanced non-small cell lung cancer
(WtNSCLC). Aim of this study is to evaluate the detection rate and to monitor tumor-associated
mutations in plasma during treatment in wtNSCLC.

METHODS:

Advanced NSCLCs referring to our Institution and undergoing anti-cancer systemic treatment
are prospectively enrolled. Tissue genetic alterations are screened by Sequenom massarray
platform or next-generation sequencing (NGS). Plasma samples are collected at baseline, after
the first cycle of treatment, at first radiological restaging and at radiological progression. cfDNA
is extracted and analyzed by using droplet digital PCR or real-time PCR. Semi-quantitative index
of fractional abundancy of mutated allele is used. Primary end-point of MAGIC1 is to assess the
sensitivity of technologies to detect genetic alterations in plasma (target: 60% within +/-15%).

RESULTS:

Since January 2017 we prospectively enrolled 92 patients treated with platinum-based
chemotherapy, single-agent chemotherapy orimmunotherapy. Overall, we identified 33 mutations
in tumor DNA, including 24 KRAS, 3 BRAF, 2 TPS3, 1 HER2 and 3 EGFR exon 20 mutations. At
baseline, concordance plasma/tissue was confirmed in 9/19 KRAS, O/1 exon 20 EGFR, and 1/1
BRAF mutations so far tested. Longitudinal exploratory analysis was performed in 17 patients
and 5/8 mutations found at baseline were not detected at subsequent evaluations in patients
not experiencing systemic progression. In 2/9 patients negative at baseline, KRAS mutations
emerged at radiological restaging, when progression was recorded.

CONCLUSIONS:

Preliminary data indicate the feasibility of detecting KRAS and BRAF mutations in plasma in
clinical practice and potential usefulness in tracking biological changes in tumors.
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BACKGROUND:

Systemic therapy remains the mainstay of treatment of advanced stage NSCLC, with disease
progression rate to first-line chemotherapy of about 30% and 9% of patients alive at 12 months.
There are evidences that [18F]FDG-PET can predict disease progression and patient outcome
as early as after one course of chemotherapy.

OBJECTIVE:

The main purpose of the current study is to evaluate a possible Overall Survival (OS) benefit by
the anticipation of standard second line treatment for those patients with metabolic disease
progression at an early [18F]FDG-PET, to be performed following the first cycle of first line
chemotherapy.

METHODS:

In a multicenter randomized open label, phase Il study, advanced adenocarcinoma or squamous
cell carcinoma patients with inoperable clinical Stage IlIB and IV, following the first cycle of first
line chemotherapy, will be randomized in a 1.1 ratio to: perform an early [18F]IFDG-PET scan
and start standard second line treatment in the case of metabolic disease progressione (ARM
1 - experimental arm); or continue first-line chemotherapy until a disease re-evaluation after
the third cycle by CT scan and start a standard second line treatment in the case of disease
progression (ARM 2 - standard arm).

EXPECTED RESULTS:

With 480 patients randomly assigned to the two different treatment decision strategies, with a
power of 80% to detect a treatment decision strategy effect and reject the null hypothesis (HO)
of no difference, using a log-rank test at the 0.025 one-sided significance level, the H1 assumed
that treatment tailored by [18F]FDG-PET scan would provide a = 10% reduction in the risk of
death over treatment tailored by CT scan at 12 months after enroliment to the study. This 10%
reduction is assumed to apply both to the patients with progression and without.
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AN AGGRESSIVE MOLECULAR SUBTYPE OF STAGE | LUNG ADENOCARCINOMA DEFINED
BY A 10-GENE SIGNATURE.
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We recently validated a 10-gene prognostic signature in a large cohort of patients with Stage |
lung cancer (Dama et al, 2017). Prediction of prognosis in early stage lung cancer is paramount
to decrease cancer mortality (~20-30%, at 5 years) that occur despite radical surgery. This
10-gene signature allowed us to discover a new cancer molecular subtype (namely C1) using
genomic data from the TCGA Lung Adenocarcinoma (TCGA-LUAD) study (Dama et al, 2017).
Importantly, C1 tumours shared molecular alterations typical of advanced lung cancer (Dama et
al, 2017). Here, we further characterized C1 patients in terms of the known lung adenocarcinoma
subtype classification, i.e. the i) Terminal Respiratory Unit (TRU-type), and ii) the non-TRU-type.
TRU-type adenocarcinoma lesions frequently express thyroid transcription factor-1 (TTF-1) and
epidermal growth factor receptor (EGFR) mutations, and are associated to a better prognosis.
On the contrary, non-TRU-type lung adenocarcinoma lesions are enriched in KRAS and TPS3
mutations and have an adverse outcome. Importantly, we found an enrichment of C1 tumors in
non-TRU-type (P < 0.0001); multivariate analysis showed that C1 tumors displayed an adverse
outcome (HR=174; 95% CI: 1.02-2.96) despite classification in TRU-/non-TRU subtypes. This
suggests that 10-gene signature is able to define an aggressive subtype of lung adenocarcinoma
regardless the TRU/nonTRU molecular subtype. To better understand what are the molecular
mechanisms characterizing C1 tumours, we performed Gene-Set Enrichment Analysis (GSEA)
[(Mootha et al,, 2003); (Subramanian et al, 2005)] to map hundreds of gene expression signatures
representing virtually all the known molecular mechanisms. Using such strategy, we identified
a significant enrichment of expression signatures characterizing stem-cells compartment and
epithelial-to-mesenchymal transition (FDR 0.05) in C1 patients, which would implicate these
cancer-related phenotypes in to the aggressive behaviour of the C1 tumours; a possibility which
is currently under investigation.
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BACKGROUND:

Patients with non-small cell lung cancer (NSCLC) harboring epidermal growth factor receptor
(EGFR) mutations are usually responsive to tyrosine kinase inhibitors (TKls). However, about 20%
of EGFR-mutated patients are resistant to TKls. We analyzed the impact of TP53 mutations on
response to first-line TKI treatment in EGFR-mutated NSCLC patients.

METHODS:

158 EGFR-mutated NSCLC patients receiving first-line treatment with a TK| were analyzed. The
different TP53 mutations were evaluated in relation to objective response rate (ORR: complete
response [CR] or partial response [PR]), disease control rate (DCR: CR or PR or stable disease
[SD]), progression-free survival (PFS) and overall survival (OS).

RESULTS:

Results referred to part of this case series were previously published (Canale M et al, Clin Cancer Res.
2017 May 1;23(9):2195-2202). TPS3 mutations were observed in 47(30%) patients, 15 (32%), 6 (13%),
11 (23%) and 15 (32%) in exon 5, 6, 7 and 8, respectively. Moreover, 16 were disruptive and 31 non-
disruptive mutations. ORR and DCR were 51% and 70% in TP53-mutated patients with respect to
63% and 90% in TP53 wild type (wt) patients, (RR: 1.32, p=0.184 and 2.81, p=0.005, respectively). In
particular, a 27% ORR and 47% DCR were observed in patients with p5S3 exon 8 mutation (RR: 195, p
=0.011 and 4.44, p<0.001, respectively). Shorter median PFS and OS were observed in patients with
TP53 exon 8 mutations compared to the other patients and these differences became significant
considering the subgroup of patients with EGFR exon 19 deletion. The statistical analyses relative
to survival on the updated case series respect to that previously published are ongoing.

CONCLUSION:

TPS3 mutations, in particular exon 8 mutations, reduce responsiveness to TKI treatment and
induce a worse prognosis in EGFR-mutated NSCLC patients, especially in those carrying exon
19 deletions.



ACC Annual Meeting Abstract

3-5 October 2017 - ROME

UNG

DECIPHERING THE MOLECULAR FINGERPRINTS OF LUNG PULMONARY SARCOMATOID
CARCINOMA (PSC).

Lococo Filippo 2, Manzotti Gloria 2, Torricelli Federica 2, Gandolfi Greta 2, Sancisi Valentina 2,
Galeone Carla 1, Piana Simonetta 3, Cavazza Alberto 3, Rossi Giulio 4, and Ciarrocchi Alessia 2.

1 Unit of Thoracic Surgery, AUSL-IRCCS, Reggio Emiliq, Italy; 2 Laboratory of Translational
Research AUSL-IRCCS, Reggio Emilia, Italy; 3 Unit of Pathology AUSL-IRCCS, Reggio Emilia,
Italy; & Unit of Pathology, Azienda USL Valle d’Aosta, Regional Hospital “Parini”, Aosta, Italy.

PSC is a rare and highly aggressive subtype of Non Small Cell Lung Cancer (NSCLC). Current
options for treatment of PSC patients are often limited to surgery because of resistance to
conventional chemotherapy and radiotherapy. The rare occurrence of PSCs has profoundly
limited the definition of their genetic and molecular basis, hampering the development of PSC-
tailored treatment protocols. The identification of molecular drivers for PSCs could provide new
insights into the biologic mechanisms underlying these tumors and pave the way to new and
more effective treatment options. In this work, we explored the genetic and molecular profile
of a large set of 49 PSCs using a high-throughput technologies. We performed NGS analysis
of a panel of genes with potential clinical relevance and analyzed the association with clinic-
pathological features. We observed that survival probability decreased in patients with mutated
PSC compared with those without mutations (p = 0.02). In particular, mutations in KRAS, alone
or in combination with TP53 mutations, were associated with decreased survival and occurrence
of metastases. Comparison with TCGA data showed that the PSCs mutational profile is similar
to that of smokers’ lung adenocarcinoma. Next, we used Nanostring technologies to explore the
transcription profile associated with the sarcomatoid phenotype. The NSCLC and sarcomatoid
components of 15 biphasic PSCs were microdissected and the expression of 770 genes implicated
incancer investigated. Differential analysis demonstrated that the transition toward sarcomatoid
phenotype is associated with the transcriptional activation of the Epithelial Mesenchymal
Transition (EMT) pathway. The switch from epithelial associated to mesenchymal promoting
transcription factors is crucial and likely represents a driving mechanism for development and
progression of PSCs. Overall, our analysis provides novel insights into the genetic and molecular
basis of PSCs and demonstrates for the first time that transcriptional rewiring is a corner stone
of PSCs development and progression.




ACC Annual Meeting Abstract

3-5 October 2017 - ROME

UNG
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Non-small-cell lung cancer (NSCLC) is the leading cause of cancer-related mortality worldwide.
Late diagnosis and acquisition of chemoresistance present major challenges for the clinical
management of NSCLC patients. About one third of NSCLC patients present at diagnosis with
a locally advanced disease (stage IlIA) characterized by lymph node metastases. For this group
of patients, neoadjuvant chemotherapy followed by surgery is the best therapeutic option.
However clinical response to neoadjuvant chemotherapy is very heterogeneous despite the
apparently identical tumor characteristics, including patients with a complete eradication of
all ymph node metastasis (pNO) to patients with persistent disease (pN+). Of note, responsive
patients showed an increased survival (~50-60%, at 5-year) when compared to non-responsive
ones (~20-30% survival, at 5-year). Therefore, we reasoned that chemotherapy response could
be influenced by cancer molecular alterations, which determine sensitivity to chemotherapy
agents. In line with this, miRNA expression profile of mediastinoscopy samples collected before
induction chemotherapy yielded a list of differentially expressed miRNA in chemosensitive
(pNO) vs. chemorefractory (pN2) tumors. To further investigate the role of these miRNA in drug
resistance, we performed an initial small-scale drug screening profile to stratify a panel of lung
cancer cell lines based on their chemoresponsiveness. We next analyzed their miRNA expression
profile to investigate any relationships with miRNA profile observed in chemosensitive (pNO)
and chemorefractory (pN2) tumors. Interestingly, the expression level of selected miRNAs
significantly correlates with drug response in these cell lines as well as in Stage IlIA lung tumors.
This confirmed the value of our strategy to explore the role of miRNAs in chemotherapy response.
If successful, this project will lead to identify new molecular determinants responsible for
resistance to neoadjuvant chemotherapy, and constitute a proof of concept for the development
of new therapeutic strategies for Stage IlIIA NSCLC.
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INTRODUCTION:

Lung resection is the elective treatment for early stage Non-small Cell Lung Cancer (NSCLC),
although surgery provides a significant impact on Quality of Life (QoL) and physical condition.
Pulmonary rehabilitation (PR), both before and after surgery, including aerobic and strength
exercises, could reduce symptoms and morbidity and improve exercise capacity, pulmonary
function and QoL. We aim to investigate the efficacy of intensive PR on exercise capacity for
NSCLC patients who received surgical treatment.

METHODS:
We designed an open-label randomised controlled trial. Participants: suspected or diagnosed
NSCLC in stage I-ll, not requiring neoadjuvant or adjuvant treatments. Control group (CG): one

therapeutic educational session the day before surgery and early standard inpatient PR after
surgery. Intervention group (IG): 14 preoperative PR sessions (6 outpatient and 8 home-based),
early standard inpatient PR after surgery and 39 postoperative PR sessions (15 outpatient e 24
home-based). Rehabilitation is based on aerobic, resistance and respiratory training exercises
both supervised and self-administered. Timing of assessments for exercise capacity, respiratory
function, pain, mood disturbances and quality of life: baseline at enrolment (TO), the day before
surgery (T1), one month after surgery (T2) and six month after surgery (T3) Primary outcome is
increase in Six Minutes Walk Test (6MWT).

RESULTS:

Interim analysis on 86 patients (42 IG; 44 CG) shows an average improvement in IG of 56m when
performing SMWT 6 months after surgery; compared to baseline this difference is significant in IG
(p=0.002) unlike the variation observed in CG (p=0.809). The compliance is 71% to preoperative
treatment and 86% postoperative. No adverse effects were registered.

CONCLUSION:
Preliminary data confirm feasibility and safety of the use of perioperative PR to improve exercise
capacity. Enrolment will continue and final results will be available by November 2018.
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Molecular mechanisms involved in dissemination to brain from lung cancer are almost unknown.
The MET and RON oncogenes are key players of invasive growth, a genetic program that is
implicated in the metastatic process. We reasoned that MET and RON by somatic mutations
in NSCLC could affect tumor hematogenous dissemination to the brain. We here assessed the
whole MET and RON mutational profile in two relevant series of surgical samples from brain
metastasis from NSCLC. 68 and 57 brain metastases from NSCLC and solid cancers respectively
were retrieved from two consecutive cohorts. The study received ethical approval from local
institutional Review Boards. Inthe first series of samples (68 cases) coherently with reported data,
MET somatic mutations occurred in the 4.41 % (3) of primary lung tumors. Quite unexpectedly,
the 7,35 % (5 patients) of cases display activating MET mutations. Of them two cases harbored
mutations in both primary and metastatic samples; in the remaining three cases, mutations
affected only the metastatic site. In the second series of cases RON mutations were found in
2 out of the 57 analyzed samples (3.5%). The lineage of origin of the RON-mutated lesions was
lung in both cases, and interestingly, either mutation clustered in the TK portion of the receptor
The RON gene mutational incidence becomes significantly higher (9.5%) among brain lesions
derived from lung. We analyzed only a minor fraction of the corresponding primary lesions and
all of them featured wild type RON: among them there was one of the brain-mutated case,
which featured wild type RON in the primary mass. The above-described somatic mutations
two clinical implication: (1) a potential functional marker of highly aggressive lung tumor- with
diagnostic and prognostic implications; (2) easy detection in the next future by liquid biopsy.
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VeriStrat® is a serum proteomic algorithm, based on eight m/z ratio mass spectrometric peaks,
that classifies patients with NSCLC into two groups, good and poor, according to the clinical
outcome after epidermal growth factor tyrosine kinase inhibitors (EGFR-TKIs). The phase |l
PROSE trial demonstrated the prognostic and predictive role of VeriStrat® Four out of eight
m/z VeriStrat® poor peaks are generated by serum amyloid Al We present the pre-planned
translational part of the PROSE trial, designed to determine the main biologic players under
VeriStrat® EGFR and KRAS mutations were analyzed in 176 and 155 patients, and no correlation
was found with VeriStrat® (p 1.00 and 0.24, respectively), confirming it is an independent marker.
We measured by ELISA the plasmatic levels of hepatic growth factor (HGF) and vascular
endothelial growth factor (VEGF) in 232 patients. Higher HGF and VEGF levels were found in
plasma from VeriStrat® poor patients (p <0.001 and p 0.009, respectively). HGF levels above
the cut-off value were associated with lower PFS (HR 2.28; 95% C.I. 092-5.66; p 0.004) and OS
(HR 1.56; 95% C.I. 0.59-4.12 p = 0.011). Moreover, tissue expression of MET, HGF and PD-L1 was
evaluated in 30 patients. No correlation was observed between tissue, plasma biomarkers or
VeriStrat® classification. Patients with a percentage of PD-L1-positive tumor cells above the
cut-off value had worse PFS (HR 1.20, 95% C.I. 1.05-1.53; p 0.016). At the multivariate analysis,
circulating levels of HGF and PD-L1 positivity on tumor cells remained predictive of worse PFS
(HR1.30,95% C.I. 044 - 3.83;p 0.004 and HR 1.27,95% C.I. 1.04 — 1.52, p 0.012, respectively). SAAL
is the surrogate marker of a pro-carcinogenic tumor microenvironment, driven by angiogenesis
and the immune system, responsible for cancer progression in VeriStrat® poor patients.




